In radiation therapy treatment volumes up to several liters have to be irradiated. Today's charged particle programs use ridge filters, scattering foils, occluding rings collimators and boluses to shape the dose distribution.' An alternative approach, scanning of a small diameter beam, is analyzed and tentative systems specifications are derived. Critical components are scheduled for fabrication and testing at LBL.
Introduction
Apart from biological advantages whose detailed investigation constitutes at present a substantial research effort heavy charged particle beams have the physical advantage of spatially extremely well defined dose distributions. Their successful application in a wide range of therapeutic situations requires means to irradiate volumes as large as 30cm x 30cm x 15cm. Prescribed dose levels should be attained within a few precent, irradiation of healthy tissue minimized and the distortion of dose distributions caused by tissue heterogeneities should be compensated for.
The time for one treatment should not exceed a few minutes; ideally about 1 minute is aimed at. 3-dimensional scanning seems to meet these requirements. The basic components of a scanning system are two magnets sweeping the beam over the treatment area, a device or procedure to change beam energy quickly, a device to control beam intensity and a computer control has to be determined first by solving a "transport" or "Boltzmann"-type integro-differential equation.
To define systems parameters a simpler approach suffices. We assume a homogeneous medium, neglect secondary beam components resulting from nuclear interactions and assume a beam profile indepedent of Z. Then we obtain:
This allows a simple solution of equation (2) 
There exists a minimum time At .m independent of treatment volume corresponding to Lx,min , the minimum length of the X-scan compatible with a given volume: Optimum magnet parameters depend on the properties of the overall beam delivery system in which they are incorporated. In horizontal beams they are easily incorporated in the final drift length which can be fairly long. In the vertical beams or in the isocentric systems considered for therapy overall economics may dictate a location further upstream. We estimate the power requirements for the first scanning magnet. The magnetic field is:
XBL where T is the transfer matrix from magnet center to target, Lm the magnet length and Lx the length of the scan. The stored energy is: Fig. 1 In all investigated layouts the stored energy in the second magnet is larger, -1.0 to -3.5 kJ, due to increased aperture requirements and this magnet is therefore the logical choice for the slow scan.
The fast magnet is powered by four transistor actuators in a bridge circuit allowing a constant current of either polarity by regulating the appropriate actuators. Power for the holding current is provided from a low voltage power supply connected through an isolating diode. A fifth actuator switches a 100 V power supply to the bridge and by turning on hard the appropriate actuators in the bridge the magnet is driven to the new holding current. The fifth actuator is switched off and the regulating mode resumes. (Fig. 1 ) Work on a test power supply has started.
For the slow magnet an analogous approach substituting SCR's for the transitor actuators is planned.
Beam on/off Switch
The beam switch simple consists of able of sweeping the beam by one to two over a matching collimator in a few ps.
designs envisage a 1 to 2m long ferrite turn magnet operating at fields of less a magnet capbeam diameters Preliminary core, one than lOm T.
Energy Modulation
It seems entirely feasible that a synchrotron designed for medical applications could perform energy changes on a pulse to pulse basis. In the interest of simple operation however, or for installation at existing facilities such as the LBL Bevalac, a variable thickness degrader appears more attractive. Such a degrader must be located after the last beam transport elements very close to the patient since it introduces a substantial increase in emittance. For 
